Background
Single fetal death in monochorionic twin pregnancy may result in serious complications of the surviving twin, including damage in brain and other organs, and death [1, 2] . It has been reported most cases of monochorionic cotwin death with poor perinatal outcome in survivors had fetal death after the late second trimester of pregnancy, while earlier presentation was in few cases [3] . As so the neurologic sequelae in the survivor following monochorionic co-twin death in the first and early second trimester is thought to be rare complication and the accurate frequency is not clear and the clinicopathologic study is not sufficient. Here we report a case of encephalomalacia in the surviving twin following co-twin death diagnosed at 18 weeks of gestation in monochorionic twin pregnancy. We investigated some clinical problems of the neurologic sequelae in the survivor following monochorionic co-twin death in the first and early second trimester.
Case Report
A 28-year-old, gravid 0, para 0 Japanese woman was referred to our hospital at 18 and 3/7 weeks of gestation for perinatal management of single fetal death in a monochorionic-diamniotic twin pregnancy. A previous ultrasound examination performed at 16 weeks of gestation in another hospital showed living monochorionic-diamniotic twins. The fetal size and amniotic fluid had been concordant at that time. There had been no evidence of twin-to-twin transfusion syndrome. Our first evaluation with ultrasonography revealed a dead twin with the size of 16 weeks of gestation, and an alive one with normal size and appearance, together with 1 placenta and 2 amniotic cavities with normal fluid amounts. Maternal vital signs and laboratory data including coagulation function were normal. At 20 and 3/7 weeks of gestation, ultrasonography showed that the surviving twin had bilateral ventriculomegaly and all around dilatation of the subarachnoid cavity despite a normal head size and appropriate interval growth (Figure 1 ). Doppler study of fetal middle cerebral artery showed the normal peak systolic velocity (22.89 cm/s, 0.9 MoM) [4] . Fetal MRI revealed remarkable atrophy of the cerebral cortex ( Figure 2 ). The patient and her family were informed that brain lesion was likely to be a result of single fetal death in monochorionic twin and that the surviving twin had an remarkably increased risk of neurologic sequelae. They chose termination of pregnancy, and artificial abortion was performed at 21 weeks of gestation. The aborted fetuses were not anomalous. After delivery, blood sample was taken from umbilical vein of the surviving twin. The cord blood hemoglobin concentration was 16.4 g/dl, within normal range. The pathological findings through autopsy confirmed encephalomalacia in the surviving twin ( Figure 3 ). Brain was weighed 13 g, appropriate for 15 to 16 weeks of gestation. Microscopically, neuron density of cerebral cortex was remarkable decreased and migrating neurons were almost absent. Definitive cortical layers were seen but almost injured ( Figure 4) . In other organs, some infarctions were found at spleen and lung.
Discussion
Single fetal death in monochorionic twin pregnancy may result in severe brain injury of the survivor. Whereas some theories have been proposed to explain the pathogenesis of the brain lesions found in survivor, including feto-fetal hemorrhage, preceding twin-to-twin transfusion syndrome and congenital malformations, it is now well established that acute feto-fetal hemorrhage is the main phenomenon involved in the development of brain lesions in survivor [5] . Senat et al. reported that measurement of MCA-PSV was helpful to access anemia of the survivor [6] . In present case, MCA-PSV was not increased and cord blood hemoglobin concentration was normal at termination of pregnancy. But at that time, more than 2 weeks passed after single fetal death, so it is not clear whether survivor was anemic or not immediately after single fetal death. Autopsy pathological study demonstrated encephalomalacia in the survivor, suggesting acute feto-fetal hemorrhage as etiology of brain damage in the survivor. Further investigation concerned in relationship between clinical manifestation, imaging study and pathological evaluation should be warranted.
Relevant English language literature in the Pubmed database was searched and terms used for the database were twin, monochorionic, pregnancy, demise and death in different combinations. Four cases were reported in detail [7] [8] [9] [10] . The earliest insult of single fetal death was 12 weeks of gestation [7] . The earliest gestational age of fetal brain damage recognition was is 18 and 6/7 weeks of gestation [10] . Artificial abortion was performed in 1 case. In the other cases, no baby was stillborn but all babies had significant neurologic sequelae. In 2 of 4 cases [8, 10] , the first ultrasonographic manifestation was ventriculomegaly.
At any gestational age, ventriculomegaly is commonly difined as a measurement of 10mm or greater in the posterior horns of the lateral ventricles noted on an axial brain scan. It is a descriptive term of a pathologic process that has many causes. By using of ultrasonography, we can easily detect ventriculomegaly in early gestational age. In 2 reported cases [8, 10] and our case, brain injury with ventriculomegaly tend to be detected earlier only with ultrasonograpy, respectively at 19 weeks, at 18 weeks 6 days and at 20 weeks 3 days. In the other 2 cases [7, 9] , only microcephaly or head growth restriction was detected by ultrasonography respectively at 28 weeks and at 23 weeks 4 days.
At earlier gestational age, it is more difficult to evaluate fetal central nervous system by using ultrasonography. Recent development of ultrasonography make it possible that several abnormalities in central nervous system can be shown in detail. But it is limited in its ability to visualize the developing cortex and therefore to show cortical malformations [11] . In contrast, fetal MRI can show sonographically occult cortical malformations, as fetal MRI had depicted malformations of cortical development that are sonographically occult, including polymicrogyria [9, 12] . Righini et al. [13] and Hoffman et al. [14] also reported that prenatal diffusion weighted MRI detected focal ischemic lesions in the survivor of a monochorionic twin pregnancy within 1-2 days of cotwin death. For early and accurate diagnosis of brain injury, fetal MRI is essential even though when ultrasonography might show almost normal findings. In all reported cases [7] [8] [9] [10] , MRI was performed and detailed findings were revealed.
The brain grows throughout gestation and early postnatal life. The effect of acute feto-fetal transfusion is thought to be not only destruction of brain, but also interference of development such us differentiation and migration. Autopsy pathological findings show that both of the mechanisms would be occurred in our case.
Conclusions
The frequency of neurologic sequelae in the survivor following monochorionic co-twin death in the first and early second trimester is not clear. It has been reported that many single monochorionic cotwin death would lead to double death in this period [15] . Therefore, neurologic complications is thought to be rare complication, but some authors have reported this condition. It is important to keep this condition in mind even though single fetal death occurred at early gestational age.
When obstetricians manage such patient, they should be well informed about development and anatomy of fetal brain.
